Abstract
trailing edges of each tone with a raised cosine.
75
In order to generate multisensory sequences whose components would be perceptually cor- (1)
where L is luminance in cd/m 2 .
81
Although individual subjects' audiovisual matches might not all align perfectly with this 82 particular monotonic function (Marks, 1974) , to simplify the intended analyses, this single function 83 generated auditory stimuli for all subjects. For luminances in the stimulus range we used, 2 to 42 84 cd/m 2 , Equation 1 generated auditory stimuli that range from a low of 87 Hz to a high of 577 Hz
85
(or, in musical terms, from F2 to ∼D5).
86
To generate stimuli whose visual and auditory sequences were not correlated, (hereafter, 87 Incongruent stimuli, a second set of eight luminance samples was drawn from an N (0, 0.2) distribu-88 tion. Then, frequency equivalents to items in this second set were found, and substituted for the 89 original set of frequencies. The result was a set of frequencies not correlated with the original set 90 of luminances. Throughout our experiments, the subjects' task was to judge whether the last four 91 items in a visual sequence replicated the first four (a Repeat stimulus) or did not (a Non-Repeat 92 stimulus), while disregarding the accompanying auditory sequence.
93

Subjects
94
Fifteen subjects between 18 and 21 years old were tested. All had Snellen visual acuity of at 95 least 20/40, and clinically-normal hearing as defined by pure tone thresholds at 0.25, 0.5, 1, 2, 4 96 and 8 kHz of at least 25 dB (Mueller & Hall, 1998) . Each received $10 (U.S.) for participation. In 97 a version of the task used here, subjects' performance was found to be correlated with their musical repetitions of four-item patterns in visual sequences as well as with auditory sequences was related 100 to subjects' musical training. To minimize the intrusion of such effects here, we recruited subjects 101 whose musical training fell between the extremes represented in Aizenman et al.'s two groups.
102
Using criteria adapted from Skoe and Kraus (2012), subjects either (i) had played an instrument 103 for six years or less, but were not currently playing, or (ii) had played for more than 6 years, but 104 were not currently playing, or (iii) had played for less than 3 years. Repeat and Non-Repeat visual sequences were presented equally often, and in random order.
105
107
Additionally, the auditory accompaniment to a visual sequence was either Congruent with items 108 in the visual sequence, (the frequency of a tone was monotonically related to the accompanying visual item's luminance), or Incongruent with items in the visual sequence (tone frequencies were a Non-Repeat visual sequence was accompanied by an independently generated Repeat auditory 126 sequence, that is, an auditory sequence whose final four items duplicated its first four. These Nrep 127 stimuli tested whether a Repeat sequence within the nominally ignored, auditory stream influenced 128 subjects' judgment of whether a Repeat had occurred within the attended, visual stream. We 129 hypothesized that these Nrep stimuli would attract more false positives, that is, erroneous "Repeat" 130 judgments, than would Nincon stimuli. Table 2 summarizes the names given to various classes of 131 stimuli, and identifies for each, which dimension -visual, auditory, both or neither-repeats within 132 exemplars of that class.
133
Subjects were informed that in some sequences, the last four brightness levels would identi-134 cally repeat the first four, and that they should categorize such sequences as "Repeat." Subjects
135
were told also that in some sequences, the last four brightnesses would not replicate the first four, 136 and that these sequences should be categorized as "Non-Repeat."
137
To promote their understanding of the task, subjects were shown diagrams containing 138 schematic exemplars of both types of sequences, and were asked to categorize each according to the pressing one of two keys on the keyboard corresponding to "Repeat" or "Non-Repeat" sequences.
147
Immediate feedback after each response conveyed whether the response had been correct or not. 
Results and Discussion
Influence of irrelevant auditory stimuli 155 We asked first whether the task-irrelevant, auditory sequence of the audiovisual stimuli influ- Finally, for each bin, we found the proportion of "Repeat" responses made to stimuli in that bin.
215
Although the auditory sequence in an Rincon stimulus was never actually congruent with its showed that subjects could judge the order of items in auditory sequences of rapidly presented 256 phonemes or tones without actually segmenting each sequence into an ordered series of items.
Instead, subjects seemed to form and base judgments on perceptual compounds extracted from the 258 sequences. This led us to conjecture that rather than make a series of item-by-item comparisons, 259 subjects might have adopted some alternative, shortcut strategy.
260
To test this conjecture, we examined two potential strategies that subjects might have 261 adopted. First, we asked whether subjects might have based their judgments on some especially 262 salient feature within a given sequence, detecting that feature in the first part of a sequence and 263 then assessing whether that feature repeated in the latter part of the sequence. Specifically, we 264 asked if performance might be related to the presence of some unusually large difference between 265 consecutive items in a sequence (Pollack, 1956) . Figure 4 shows the distribution of differences statistics when a variable such as rapidity of presentation makes it difficult to process a stimulus' individual components. Such statistics capture the gist of a stimulus, while sacrificing its details.
280
We examined the possibility that subjects summed a sequence's first four items, summed its last 281 four, and based a response on the absolute difference between the two sums. Adapting Sorkin The subjects in Experiment One performed a task that can be described as a form of short- subjects grew more adept at judging whether the visual items within that sequence repeated or not.
328
Note that the subjects' task was defined exclusively in terms of within-trial comparisons between 329 sets of items comprising an individual visual sequence; they did not judge whether a sequence had 
335
We wanted to know whether subjects who had been instructed to detect repetition within the 
342
In Experiment Two, frozen stimuli were either particular, randomly generated Rcon stimuli
343
(which we call FRcon stimuli), or particular, randomly generated Rincon stimuli (which we call 
Stimuli and Procedure
384
Within a block of 150 trials, six different stimulus types were presented, each on 25 trials.
385
The order in which stimuli were presented was randomized anew for every block and pair of yoked 386 subjects. Between blocks of trials, subjects were allowed a short break, and were shown several 387 "fun facts" about the brain, as in Experiment One.
388
As mentioned above, half the subjects in each yoked pair were assigned to the Constant con- 
Results
400
Changes to frozen auditory sequences are disruptive 401 Figure 7 shows that overall Musicians outperformed Non-Musicians, and did so for every stim- Musicians showed no evidence of such a recovery in performance.
459
Potential strategies for judgments 460 As in Experiment One, we were interested in the strategy that subjects might have adopted 461 in performing the task they were given. Specifically, we wanted to know whether the subjects in Although subjects were not asked directly whether they had seen any stimulus multiple times, 511 during post-experiment debriefing a few subjects reported a suspicion that they had encountered 512 the same stimulus more than once. That most subjects admitted no such a suspicion suggests, and Dosher (1986) have noted, in higher order tasks subjects' strategies enjoy an expanded influ-533 ence on performance. Because our study's task recruited higher order processes such as selective 534 attention and memory, it was able to reveal some features of the strategies that subjects call upon.
535
For example, Experiment Two showed that prior experience (namely, musical training), affected 536 subjects' reliance on task-irrelevant information. Such results confirm the usefulness of studying audiovisual interactions in a task that draws upon top-down as well as bottom-up processing. 
556
This perspective throws an interesting light on the audiovisual congruence effect demon-557 strated in both of our experiments. Unlike some cross-modal effects previously reported (e.g., Musicians again showed superior performance to Non-Musicians: a result that is also explained by 570 Musicians' reliance on the auditory component before the crossover took place. Note that we cannot 571 be sure that musical training per se is responsible for these results. In particular, our results cannot 572 rule out the possibility that when they experience audiovisual stimuli, individuals who would give 573 extra weight to auditory input would also be more likely to start and persist in musical training. 
585
To examine individual subjects' reliance on this summary statistic, we generated logistic 586 regression models for responses on Nincon trials, first for all subjects as an aggregate, and then, as 587 our focus was on differences among subjects, for each subject individually. The logistic models gave "Repeat" trials the rates of response at each point along that x-axis, repeating the process for 595 "Non-Repeat" trials, and then using the resulting pairs to define the ROC.
596
The area under the ROC (AUC) is a measure of how well the differenced summary statistic . Proportion correct versus AUC. Each data point represents one subject. Also shown is the best fitting regression line and the 95% confidence region around that line. Note that because the stimuli were Nincon, a response of "No Repeat" was correct.
Theoretical implications
628
In Hebb's original application of the repetition design, subjects heard 24 series of nine-629 digit sequences. After each sequence, they tried to repeat those digits in the order that they 630 heard. On every third trial, the same sequence was repeated, and performance slowly, but steadily 631 improved on that recurring sequence. In fact, by the fourth repetition, performance with the 632 recurring sequence exceeded that for interspersed random, non-recurring sequences. To Hebb, this 633 cumulation suggested that hearing one sequence set up in memory some neural trace, which was not unfamiliar faces. In that study, a repetition effect was seen only for sequences of faces when the 641 faces were upright, which was taken to mean that the ability to encode list items distinctively was 642 crucial to the repetition effect. However, that assumption does not align with one result from our 643 study: a repetition effect generated by sequences comprising items that are not perfectly distinctive.
644
As perceptual similarity is key in so many other forms of memory and learning (e.g., Wickelgren, is not perceptually correlated with the visual information it accompanies, and even when that 650 auditory information is supposedly unattended, it retains some power to influence short-and long-651 term memory of concurrent visual sequences.
